The study of sperm cellular components at molecular level is crucial for the diagnosis of male unexplained infertility. The aim of the study was to compare the molecular profile of steroid receptors and aromatase in spermatozoa obtained from two normozoospermic groups of patients issued from couples treated for infertility. We investigated 46 male patients from unexplained infertility couples and from men, 38 where female partners presented with tubal infertility. Sperm ERs (estrogen receptors: alpha and beta), GPER (G proteincoupled estrogen receptor), AR (androgen receptor) and aromatase mRNA expression levels by TaqMan qPCR were analyzed. AR transcript level was significantly lower in sperm of men from unexplained infertility couples vs. men from couples with tubal factor infertility (P = 0.04). Although the AR mRNA expression level did not had any effect on embryo development and its implantation, a significant correlation between AR mRNA levels and clinical pregnancy in unexplained infertility patients was observed. Taken together, AR transcript presence in ejaculated spermatozoa could be a potential marker for unexplained infertility.
Introduction
The role of different RNA molecules in human mature ejaculated spermatozoa still remains unexplored. The previous dominant claim was that a population of residual mRNAs without any embryological and diagnostic values is presented in mature human sperm. However, current evidence strongly suggests that gene transcripts in ejaculated spermatozoa may help to determine the male fertility potential [1] . Routine diagnostics for infertility do not indicate any functional or organic pathology responsible for infertility in about 10% -15% of couples in reproductive age. Most of these causes are defined as unexplained infertility. The unknown cause of pregnancy failure has recently been linked to molecular male factor but unrelated to sperm count, motility or morphology [2] .
Spermatozoa RNA may contain remnants of mRNAs reflecting only the proper course of spermatogenesis [3] [4] . On the other hand, it was shown that the spermatozoon can transmit to oocyte some of RNAs both in mice [5] [6] and human [7] and further contribute extragenomically to early embryonic development. Therefore it is highly likely that detailed sperm transcriptome analysis, could decode the role of RNAs population in mature spermatozoa, thus also in the diagnosis of male unexplained infertility. Spermatogenesis is a complex process requiring a precise and well-coordinated cascade of events leading to sperm differentiation and formation of mature spermatozoa capable of fertilization. Steroids (both estrogens and androgens) and their receptors play an important role in the male reproductive system, which may impact on controlling male fertility. A regulated balance between androgens and estrogens seems to be essential for normal testicular physiology and reproduction. Androgens are critical steroid hormones determining the expression of male phenotype as well as the initiation and maintenance of spermatogenesis [8] . Testicular estrogens are known to be important factors affecting the local testicular function and male reproductive tract [9] .
The effects of steroids on ejaculated spermatozoa have also been investigated in vitro. Efficacy of androgens in fertilization capacity maintenance is connected to their effects on mammalian sperm metabolism, which depends both on the maturity of spermatozoa and the nature of the androgen [10] . T (testosterone) and DHT (dihydrotestosterone) were both capable to inhibit the fertilizing capacity of human sperm inhibiting the penetration of zona-free hamster ova in vitro. This effect appeared not to be related to sperm motility [11] . Recent study showed that local excess of androgens inhibits phosphoinositide 3-kinase (PI3K) activity and affects negatively with human sperm survival [12] . The same research group hypothesized also a role for E 2 in the sperm survival through the PI3K/AKT and ERK pathway activations [13] . There exist contradictory data on K. Jarzabek et al. E 2 effects on sperm. Pre-incubation treatment with E 2 did not alter the ability of human spermatozoa to fuse with oocytes, or affect the enhancing effect of progesterone (P) action on this process [14] . On the contrary, studies on mouse sperm revealed a stimulatory effect of E 2 on capacitation, acrosome reaction and fertilizing ability [15] . It is difficult to relate data obtained in vitro directly to the physiological conditions in the female genital tract. It is highly likely that several steroids act together with different other endocrine and paracrine factors in cervical mucus and oviduct fluid.
Our aim was to compare the molecular profile of selected transcripts of steroid receptors: classical ERs (estrogen receptors α, ESR1 and β, ESR2), membrane ER known as G protein-coupled estrogen receptor (GPER), AR (androgen receptor) and CYP19A1 coding aromatase in spermatozoa obtained from normozoospermic men suffering from unexplained infertility and from a group of men, where their female partners presented with tubal factor infertility.
Materials and Methods

Patients
The male patients of couple treated for infertility problems were recruited from Two groups of male patients were compared: 1) male patients from unexplained infertility group (n = 46), and 2) male patients whose female partners presented infertility tubal factor (n = 38). In reality, pure unexplained male infertility group does not exist. However, term "unexplained infertility" refers to clearly male infertility remaining without explanation in contrast to the female one as based on research literature as well as on clinical practice. Therefore, the first group serves us as a group of patients with undefined infertility cause, while the second one serves us as a control group in which the female factor is unequivocally determined. Regarding the difficulties in obtaining the representative control group from healthy donors we decided to choose for our study these two groups highly contrasted by the origin of the fertility troubles. Differences found between these groups using statistical tests should be emphasized in comparison to a control obtained from healthy men. Diagnostic criteria were based on Recommendations for the diagnosis and treatment of infertility in Poland [16] . All participants characterized no features of hypogonadism and a normal karyotype.
In the case of unexplained infertility, the routine diagnosis did not indicate any 
Semen Sample Collection, Preparation, and Analysis
Semen samples were obtained by masturbation after 3 days of sexual abstinence.
After liquefaction at a room temperature for 30 -60 min, semen parameters were studied according the WHO guidelines [17] . Semen samples were used for represented at the top of the tube from 95% layer were transferred to sterile tube and a microscopic examination of sperm was performed to control the quality of the preparations. In order to eliminate remnants of SupraSperm, the pellet was washed 2 times with PBS through centrifugation (5 min, 10,000 rpm, 4˚C). The samples containing leucocytes and round cells, confirmed by PCR [18] , were excluded from the examination. Merck Serono).
Ovarian Stimulation
Oocyte Preparation for ICSI (Intracytoplasmic Sperm Injection)
The oocytes were denuded of their surrounding cumulus cells 3 -4 hours after ovum pick-up using hyaluronidase (HYASE-10X, Vitrolife, Sweden) in G-MOPS buffered medium at the 1:10 dilution (Vitrolife, Sweden) for 10 to 15 seconds.
After complete removal of the corona cells by repeated aspiration using denudation glass pipette, the oocytes were washed in clear G-MOPS buffered medium and transferred to ICSI dish. All dishes were prepared at least 4 hours before using and wormed in incubator without CO 2 supplementation. Sperm injections were performed for oocytes at the metaphase II stage. min. After adding the remaining components, the mixtures were incubating at 55˚C for 30 min, followed by 5 min heating at 85˚C for 5 min and then finally cooled at 4˚C.
Gene Expression Analysis Using RT-qPCR (Quantitative
qPCR
In order to determine the amounts of studied transcripts, the standard curves were constructed with serially diluted PCR products. PCR products were obtained by amplification of cDNA from spermatozoa of a healthy donor using 
Statistical Analysis
The mean values ± standard deviation (SD) and median with quartiles were calculated. The normal distribution was verified using the Kolmogorov-Smirnov test with the Lilliefors correction. To compare the differences between the two groups, the Mann-Whitney U test was used. The Spearman's correlation coefficients were estimated. To check the associations between two categorical variables, Chi 2 and the Fisher's exact test was applied. The analysis was performed using the statistical software package Statistica 10.0 (StatSoft) with P < 0.05 indicating a statistically significant difference.
Results
RT-qPCR analysis revealed the presence of the ERβ transcripts in the all studied sperm samples. ERα transcripts were presented in 99.9% of studied samples (only one sperm sample from unexplained fertility group was negative for ERα mRNA). The expression profile of studied genes between two groups revealed the comparable expression profiles of ERs, GPER and aromatase ( Figure 1 , Table 1). Only AR mRNA expression level showed significant differences between two groups. The semen samples from men of couples with unexplained infertility showed lower mRNA AR level comparing to semen samples from couples with tubal factor infertility ( Table 1 ). In both studied groups the highest expression level was observed for ERβ mRNA, whereas the lowest was noticed for GPER (Table 1) . However, only 34% and 26% of cases (unexplained infertility vs. tubal factor group, respectively) showed GPER mRNA expression. Among the sperm samples studied, 89.13% and 78.9% of cases showed aromatase mRNA expression; and 65.2% and 81.6% AR mRNA expression (unexplained infertility group and tubal factor group, respectively). Taking into consideration small amount of mRNAs in spermatozoa, it is difficult to conclude whether the ab-
sence of mRNA of studied genes resulted due to a disturbance in sperm maturation process or simply due to the method limitation.
In unexplained infertility group as well as in tubal infertility factor group we observed positive correlation between ERα and ERβ expression (P = 0.00005, r = 0.5; P = 0.00008, r = 0.65; respectively). Additionally, in the group with unexplained infertility we showed positive correlation between ERα and aromatase (P = 0.0044, r = 0.412) as well as ERβ and aromatase (P = 0.0002, r = 0.52).
We did not notice any difference between two studied groups in selected embryological data: in vitro fertilization rate (it was calculated as a ratio between obtained embryos and operated eggs), and good quality embryos. However, we observed a statistically important difference in pregnancy rate between two studied groups ( Table 2 ). Figure 1 . Comparative analysis of the transcript expression levels between two studied groups: unexpected infertility and tubal factor infertility. ER alpha, ER beta, GPER and aromatase mRNA levels showed similar profile in two studied groups. Lower AR mRNA level was shown in the group of patients with unexpected infertility factor. Table 1 . Comparative analysis of ERα, ERβ, GPER, aromatase, and AR mRNA expression levels in sperm from unexplained infertility couple (n = 46) and from men whose female partners presented tubal factor infertility (n = 38). Median, first quartile (Q1), third quartile (Q3) and mean ± standard deviation (SD) as well as P values were presented. 
Discussion
Despite normal semen parameters in some male patients, sperm can show im- mitochondrial ribosomes are actively involved in sperm protein translation [21] .
One cannot exclude the possibility that some proteins stored in spermatozoa on ribosomes are not expelled with the cytoplasmic droplet, as mentioned by Anand-Ivell and Ivell [22] .
Taking into account the significance of the expression of classical ERs, GPER and aromatase in human mature sperm and its role in sperm maturation and proper function [23] [24], we expected to see the differences in the expression levels of these genes between two studied groups. However, we do not observe any difference at the transcriptional levels of ERs, GPER and aromatase between the two studied groups.
It is well known that AR is expressed in Sertoli, Leydig, and peritubular myoid cells in human testis [8] . Unlike constant expression of AR in developing and adult Leydig and peritubular cell types, Sertoli cells display the differences in AR expression from AR absence in immature Sertoli cells in fetal-neonatal period through dynamic changes in AR expression during postnatal development and in the mature testis [25] . It was proposed that AR expressed in Sertoli cells plays a key role in meiotic-postmeiotic germ cell development [26] [27] [28] . The role of AR presence in male germ cells remains unresolved, although its expression has been documented in the midpiece and in mitochondria of human sperm [29] . It is possible that AR located in sperm mitochondria can be related rather to the metabolic activity of spermatozoa than with the sperm motility. AR was also described to play important role in the promotion of cell apoptosis [30] [31]
[32] [33] , therefore, one cannot exclude the role of AR in sperm apoptosis. Interestingly, presence of AR transcript in mature human sperm and AR protein in both X-and Y-carrier haploid spermatozoa has been shown [34] . AR mRNA and protein coding by AR gene located on X chromosome in Y-carrier spermatozoa is probably the consequence of AR transit through the cytoplasmic bridges between elongated spermatids during cell division. Initially, AR had to be transcribed earlier either during the early steps of spermatogenesis by XY diploid spermatocytes or during spermiogenesis by X-carrier haploid spermatids [35] [36].
Zalata et al. showed the significantly lower AR mRNA level in infertile men sperm compared with fertile men, especially in a group of infertile patients with varicocele [37] . In our study, we showed that infertile man classified to the unexplained factor infertility group with normal semen parameters express a lower amount of AR mRNA in mature sperm in comparison to men with comparable semen parameters from couples with tubal factor infertility. Whether AR mRNA could be a potential marker of fertilizing capacity of human spermatozoa or a biomarker of pregnancy rates remains still under discussion. Our results together with data from Zalata et al. [37] suggest that the assessment of transcriptional AR levels in human sperm might have the potential as a biomarker of fertilization.
ICSI can overcome the barrier of fertilization failure in the unexplained infertility group. In this group, we observed a proper embryo development and successful pregnancy rate vs. tubal infertility group. In the group of patients with tubal factor infertility we achieved similar rates of fertilization and a proper embryo development, but pregnancy success rates were statistically lower. It is possible that the tubal factor can impair embryo implantation process and as a consequence decrease pregnancy rate. Our results may suggest that AR transcript present in ejaculated spermatozoa could be associated with fecundity potential in the group of patients with unexplained infertility.
Advanced reproductive techniques like ICSI, but not IUI or classical in vitro fertilization could be treatment choice for men with low amount of AR transcript in spermatozoa, which may avoid unsuccessful infertility treatment and to shorten the treatment.
